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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
improving the characteristics of a device where the 
surface largely affects electrical and optical 
characteristics by changing polarity on the surface of a 3- 
5 or 2-6 group semiconductor such as GaN and ZnO from 
a conventional anion surface to a more smooth and 
inactive cation surface. 

SOLUTION: A film in the thickness of about several 
monolayers of metal such a Al is formed inside a 3-5 
group or 2-6 group semiconductor film which is epitaxially 
grown on a sapphire substrate. The polarity on the surface 
of semiconductor is changed from negative (anion) to 
positive (cation) at the upper and lower parts of the film. 
The positive polarity is formed in the epitaxial growth thin 
film and a polycrystalline thin film of preferred orientation 
property. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A formation method of semiconductor membrane having at least the structure of 
polycrystal in which said some of semiconductor membrane carried out priority orientation to a 
single crystal or said substrate including aluminum of a number monolayer in these some 
semiconductor membrane in forming semiconductor membrane which grew epitaxially on a 
substrate. 

[Claim 2]In forming semiconductor membrane which grew epitaxially on a substrate, at least a 
metallic element which has a face-centered-cubic crystal structure like aluminum to these some 
semiconductor membrane A number monolayer implication, A formation method of semiconductor 
membrane, wherein said some of semiconductor membrane has the structure of polycrystal which 
carried out priority orientation to a single crystal or said substrate. 

[Claim 3]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane comprises a compound (2-6 fellows compound) of two group 
elements, such as a nitride (3 fellows nitride) of three group elements, such as B, aluminum, Ga, 
and In, or Zn, Cd, and Mg, and six group elements, such as O, S, and Se. 

[Claim 4]Said semiconductor membrane contains a number monolayer of said metallic element, or 
a number monolayer of said aluminum in an inside, and it by the upper and lower sides of a number 
monolayer of said metallic element, or a number monolayer of said aluminum, polarity on the 
surface of semiconductor membrane — from [ negative (anion) ] — right (cation) — a formation 
method of the semiconductor membrane according to claim 1 or 2, wherein it changes and the 
straight polarity is maintained to said epitaxial growth thin film surface. 
[Claim 5]A formation method of the semiconductor membrane according to claim 1 or 2 
constituting said substrate from silicon on sapphire, making an epitaxial growth face of this silicon 
on sapphire into C side, and growing said semiconductor membrane epitaxially into a perpendicular 
direction of this C side. 

[Claim 6]A formation method of the semiconductor membrane according to claim 5 as for which 
having NHzed said substrate face and N termination carrying out it by making the surface carry 
out the flow of the ammonia gas after exposing said epitaxial growth face of said substrate to H 2 

atmosphere at 1 100 ** in front of growth. 

[Claim 7]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane contains Ga or Zn as the composing element. 

[Claim 8]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane is GaN or ZnO. 

[Claim 9]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane is the plural mixed crystal compounds which used GaN or ZnO as a 
base. 

[Claim 10]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane is a compound which has polarity — the crystal structure is in a 
hexagonal system, and there is like GaN or ZnO. 

[Claim 11]A formation method of the semiconductor membrane according to claim 1 or 2, wherein 
said semiconductor membrane contains aluminum of 2 monolayers, or a metallic element of 2 
monolayers. 

[Claim 12]A substrate with semiconductor membrane manufactured using a method of Claims 1-11 
given in any 1 paragraph. 

[Claim 13]A semiconductor device using the substrate with semiconductor membrane according to 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor device using the substrate 
which has a substrate which has the semiconductor membrane manufactured by the method of 
forming semiconductor membrane on a substrate, and this method, and its semiconductor 
membrane. 
[0002] 

[Description of the Prior Art]Gallium nitride (GaN) is widely studied as a base material of a blue 
semiconductor light device or a blue semiconductor laser. 

[0003] However, since GaN cannot manufacture a single crystal wafer with which luminescence is 
presented, generally sapphire is used as a substrate material. 

[0004]Usually, the buffer layer of GaN is formed on this silicon on sapphire, and the layer of GaN is 
formed on it. And it turns out that the electric and optical characteristic of this GaN layer is 
strongly influenced in the initial growing condition on silicon on sapphire. 

formation **** of the thin GaN buffer layer with the crystallinity sufficient before forming a buffer 
iayer by carrying out nitriding treatment of the surface of silicon on sapphire which removes a non 
priority direction growth core — things are known. 

[0005]The grown surface of epitaxially grown GaN, Usually, in the case of Ga polarity (cation) side 
where Ga element is located in the outermost surface, it is known that the surface morphology 
(surface shape) in which the very smooth field was formed in and many projections of the pyramid 
shape of a hexagon were formed in the case of N polarity (anion) side where N element is located 
in the outermost surface is shown. 

[0006]Usually, when growing a GaN film epitaxially with MOVPE method etc. on silicon on sapphire, 
and not making a sapphire side nitriding, the surface of the growth GaN is smooth, but. In order to 
improve the crystallinity of a GaN film, when silicon on sapphire is made nitriding, for N polarity, as 
for N termination, the surface of the growth GaN is carried out, and turns into the anion surface 
with the facet of a hexagon. 

[0007]If GaN, a zinc oxide (ZnO), and the substance that has polarity like a cadmium sulfide (CdS) 
are deposited on an amorphous board with sputtering, vacuum deposition, etc., Even if it is 
polycrystal, it is possible to arrange the polar axis (in this case, C axis) of that crystal at right 
angles to a substrate face, but in many cases, anion comes to the surface. - It becomes a polar 
thin film and corrosion resistance and surface stability are very insufficient compared with the 
case of + polarity for which cation comes to the surface. 
[0008] 

[Problem(s) to be Solved by the Invention]The surface of the GaN film produced on the silicon on 
sapphire [ nitriding / silicon on sapphire / as mentioned above, in order to improve crystallinity 
with the conventional manufacturing method ] is the anion surface. 

The surface turns into the surface in which many facets were formed and where unevenness is 
intense. 

[0009]For this reason, it makes it very difficult to form the epitaxial film of further others in this 
surface, or to form electrode wiring. For example, when producing a nano quantum dot, and the 
electron device and optical device using detailed multilevel interconnection, the surface state 
becomes a serious obstacle. 
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[0010]The corrosion resistance of the translucency electrode surface, reflection, a refraction 
characteristic in the surface, etc. make the characteristic of the electron device and a light- 
emitting device spoil greatly in ZnO to which epitaxial semiconductor membrane is going to be 
applied as a translucency electrode, a light emitting device, and a semiconductor for laser. 
[001 1]Even if it is cases, such as GaN of polycrystal, and ZnO, when are used as a transparent 
electrode, a fluorescent substance, etc. and the surface turns into an anion side with - polarity, 
the characteristic of the corrosion resistance to a plasma process etc. and the surface stability in 
a vacuum device is made to spoil greatly like the case of the above-mentioned single crystal. 
[0012]This invention by converting the polarity of 3-5 fellows, such as the above-mentioned GaN 
and ZnO, or a 2-6 fellows semiconductor surface into the cation surface [ that it is more smooth 
and inertness / from the conventional anion surface ], The surface aims at providing the method 
of aiming at improvement in the characteristic of a device which has big influence in the electric 
and optical characteristic. 
[0013] 

[Means for Solving the Problem]A formation method of semiconductor membrane indicated to 
Claim 1, In forming semiconductor membrane which grew epitaxially on a substrate, it is 
characterized by said some of semiconductor membrane having at least the structure of 
polycrystal which carried out priority orientation to a single crystal or said substrate including 
aluminum of a number monolayer in these some semiconductor membrane. 
[001 4]A formation method of a semiconductor thin layer indicated to Claim 2, In forming 
semiconductor membrane which grew epitaxially on a substrate, at least a metallic element which 
has a face-centered-cubic crystal structure like aluminum to these some semiconductor 
membrane A number monolayer implication, It is characterized by said some of semiconductor 
membrane having the structure of polycrystal which carried out priority orientation to a single 
crystal or said substrate. 

[001 5]A formation method of semiconductor membrane indicated to Claim 3, In a formation 
method of the semiconductor membrane according to claim 1 or 2, said semiconductor membrane, 
It is characterized by comprising a compound (2-6 fellows compound) of two group elements, such 
as a nitride (3 fellows nitride) of three group elements, such as B, aluminum, Ga, and In, or Zn, Cd, 
and Mg, and six group elements, such as O, S, and Se. 

[001 6]A formation method of semiconductor membrane indicated to Claim 4, In a formation 
method of the semiconductor membrane according to claim 1 or 2, said semiconductor membrane, 
A number monolayer of said metallic element or a number monolayer of said aluminum is included 
in an inside, and by the upper and lower sides of a number monolayer of said metallic element, or a 
number monolayer of said aluminum, polarity on the surface of semiconductor membrane — from 
[ negative (anion) ] — right (cation) — it changes and is characterized by maintaining the straight 
polarity to said epitaxial growth thin film surface. 

[001 7]A formation method of semiconductor membrane indicated to Claim 5, In a formation 
method of the semiconductor membrane according to claim 1 or 2, said substrate is constituted 
from silicon on sapphire, an epitaxial growth face of this silicon on sapphire is made into C side, 
and it is characterized by growing said semiconductor membrane epitaxially into a perpendicular 
direction of this C side. 

[001 8]A formation method of semiconductor membrane indicated to Claim 6, In a formation 
method of the semiconductor membrane according to claim 5, after exposing said epitaxial growth 
face of said substrate to H 2 atmosphere at 1 100 ** before growth, it is characterized by having N- 

ized said substrate face and N termination carrying out it by making the surface carry out the flow 
of the ammonia gas. 

[001 9]A formation method of semiconductor membrane indicated to Claim 7 is characterized by 
said semiconductor membrane containing Ga or Zn as the composing element in a formation 
method of the semiconductor membrane according to claim 1 or 2. 

[0020]A formation method of semiconductor membrane indicated to Claim 8 is characterized by 
said semiconductor membrane being GaN or ZnO in a formation method of the semiconductor 
membrane according to claim 1 or 2. 

[0021 ]A formation method of semiconductor membrane indicated to Claim 9 is characterized by 
said semiconductor membrane being the plural mixed crystal compounds which used GaN or ZnO 
as a base in a formation method of the semiconductor membrane according to claim 1 or 2. 
[0022]In a formation method of the semiconductor membrane according to claim 1 or 2, as for a 
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formation method of semiconductor membrane indicated to Claim 10, said semiconductor 
membrane is characterized by being a compound in which the crystal structure has polarity, such 
as being in a hexagonal system and being, like GaN or ZnO. 

[0023]A formation method of semiconductor membrane indicated to Claim 1 1 is characterized by 
said semiconductor membrane containing aluminum of 2 monolayers, or a metallic element of 2 
monolayers in a formation method of the semiconductor membrane according to claim 1 or 2. 
[0024]A substrate with semiconductor membrane indicated to Claim 12 is characterized by being 
manufactured using a method of Claims 1-1 1 given in any 1 paragraph. 

[0025]A semiconductor device indicated to Claim 13 is characterized by using the substrate with 
semiconductor membrane according to claim 1 1. Here, a semiconductor device means a display 
device using fluorescent substances, such as EL (electroluminescence devices), VFD (fluorescent 
display), and FED (field emission type display), a new polycrystalline structure large-scale flat- 
surface light-emitting display device, a device using a transparent electrode, etc., for example. 
[0026] 

[Embodiment of the Invention]This invention, Insulating substrate (an insulating monocrystal 
substrate etc.) Inside 3-5 fellows who contain and also grew epitaxially, or 2-6 fellows 
semiconductor membrane (compound of two group elements, such as a nitride (3 fellows nitride) of 
three group elements, such as B, aluminum, Ga, and In, or Zn, Cd, and Mg, and six group elements, 
such as O, S, and Se (2-6 fellows compound)), forming the film of the thickness about the number 
monolayer of metal, such as aluminum, — the upper and lower sides — the polarity of a 
semiconductor surface — from [ negative / conventional / (anion) ] — right (cation) — 
conversion and its straight polarity are formed in said epitaxial growth thin film, the polycrystalline 
thin film of a priority stacking tendency, etc. Here, how to control the polarity of the gallium nitride 
film grown up into the sapphire (0001) side [ nitriding / the side ] with LP gas-MOVPE method is 
shown as an example. 

[0027] Drawin g 1 shows the structure of the GaN thin film manufactured by the formation method 
of the semiconductor membrane of this invention. As shown in drawin g 1 t the substrate with 
semiconductor membrane manufactured using the formation method of the semiconductor 
membrane of this invention comprises the following: 
Silicon on sapphire 1 which is a substrate. 

The aluminum monolayer (two-layer) 2 formed on the silicon on sapphire 1 which is aluminum of a 

number monolayer. 

GaN buffer layer 3 formed on it. 

The GaN epitaxial layer 4 which is the semiconductor membrane which grew epitaxially on the 
substrate furthermore formed on it. 

[0028]Nitriding [ the silicon on sapphire / in 1 100 ** and H 2 atmosphere during 10 minutes, the 

silicon on sapphire 1 carries out heating washing, and continues, and / it is the temperature and / 
it carries out the flow of the ammonia gas for 90 seconds 1500 seem, and / the silicon-on- 
sapphire 1 surface ] first. Then, two-layer formation of the monolayer 2 of aluminum is carried out 
before formation of GaN buffer layer 3 by putting trimethylaluminum (TMAI) to the flow of 
5micromol/min and TMAI for 30 seconds from 2 seconds at 550 ** (although it is required more 
than two-layer). If two-layer existence is recognized at worst, since the purpose of this invention 
can be attained, two-layer is the optimal. This is the Key structure of this invention. 
[0029]The GaN epitaxial layer 4 of 2.5-micrometer thickness is formed at 550 ** under the gas 
pressure of 200Torr after it by 3 or 1080 ** of GaN buffer layers of 20-nm thickness. 
Trimethylgallium (TMGa), TMAI, and NH 3 are used as sauce (organometallic compound gas sauce 

and material gas) of Ga, aluminum, and N, respectively. 

[0030]The surface morphology (surface shape) of the produced GaN thin film was observed using 
the Normarski interference microscope. Crystallinity evaluated the reflection from the symmetry 
(002) side and asymmetry (102) side of the GaN epitaxial film 4 omega scan or by carrying out a 
rocking curve using high resolution 4 crystal X-ray diffractometer (HRXRD, Philips X'pert MRD). 
[0031]the crystallinity of the GaN epitaxial film 4 of drawin g 2 — an X diffraction — it can set 
(002) — the fact that the half breadth of a field (102) shows about 300 and 540arcsec, 
respectively shows that good crystallinity is shown. The Hall mobility and carrier concentration by 

the Van der Pauw method measurement are 230-cm 2 /V-s and 3.3x10 17 cm" 3 , respectively, and 
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show the value also with a sufficient electrical property. 

[0032]As the characteristic of a GaN thin film of having grown up on silicon on sapphire, carrying 
out measurement evaluation of the X-ray rocking curve of both this crystal face is generally 
performed. Here, it is comparing with the value generally reported in a paper etc. (if the half 
breadth of an X diffraction has a bad crystal, a numerical value will become large, as for the 
electrical property at that time, mobility becomes small, and carrier concentration becomes large.). 

[0033]However, as the surface morphology of the GaN is shown in drawing 2 (a), even if it changes 
the time of nitriding treatment, it shows the projection of the pyramid shape of a hexagon. As this 
was mentioned above, the GaN (0001) surface which carried out nitriding treatment, It is because 
it is difficult to grow up GaN with the smooth surface of Ga polarity (here, gallium (Ga) polarity or 
straight polarity is meant) in order to show N polarity (here, nitrogen (N) polarity or negative 
polarity is meant). 

[0034]Then, in order to obtain the flat mirror finished surface form GaN thin film (there are the 
two-layer aluminum monolayer 2 and GaN buffer layer 3 as a ground of a GaN thin film) of Ga 
polarity, Polarity was converted into the cation side from the anion side by making the monolayer 2 
of aluminum insert on the substrate which carried out nitriding treatment. 

[0035]Before forming GaN buffer layer 3 on the nitriding silicon on sapphire 1 first, the time to 
which the flow of the MAI (trimethylaluminum) is carried out was changed with 2, 5, 10, 20, and 30 
sec, and was grown up. In advance of this experiment, it is checking that 1 stratification of the 
monolayer of aluminum is carried out in the amount 2.5 seconds of flows of 5micromol/min by 
atomic layer epitaxy. 

[0036]The Normarski interference microscope photograph by the flow time ( drawing 2 (a):0 second, 
drawin g 2 (b):2 second, drawin g 2 (c):5 second, drawin g 2 (d):30 second) of different TMAI is shown 
" n drawin g 2. When a TMAI flow is 2 seconds, the projection of the pyramid shape of the still same 
hexagon as drawin g 2 (a) without a flow is shown ( drawin g 2 (b)). However, if TMAI flow time 
exceeds 5 seconds, the surface morphology of GaN will change a lot and will serve as the smooth 
surface like drawin g 2 (c) and drawin g 2 (d). It is shown that these results changed the polarity of 
the GaN thin film by the TMAI flow. 

[0037]The polarity of the produced GaN thin film was determined by the CAICISS (coaxial-type 
direct impact ion scattering spectroscopy) analysis apparatus (Shimadzu Make, TALIS-9700). A 
polar decision was made based on the simulation result from theory, and reported analytical data. 
[0038]The pattern of the polarity change of GaN by TMAI flow time which is different in drawin g 3 

is shown. That is, the signal strength dependency of Ga to the incidence angle of the helium + ion 
of 2keV in the [1 120] plane directions of a GaN thin film was measured. By taking into 
consideration the shadowing (shadowing) effect and the convergence effect can explain Ga signal 
strength dependency over an incidence angle. 

[0039]When the atom of the 2nd layer which is directly under an outermost surface atom when 
explanation is added is seen from the surface, in order that the state of becoming the shade of an 
outermost surface atom with the angle to see may change (that is, shadowing effect), if the 
incidence angle of helium ion is changed, the spectral shape of CAICISS will change. Polarity can 
be judged by comparing this spectrum with an experimental value and a simulation value. 
[0040]The angular dependence of Ga signal shows the profile from which the sample which he had 
no TMAI flow and was processed for TMAI flow 5 seconds differed very much to the silicon on 
sapphire 1 which carried out nitriding treatment so that it may understand by drawin g 3 (a) and 
drawin g 3 (c). That is, the gallium nitride surface of processing has N polarity (anion side) to the 
silicon on sapphire 1 which carried out nitriding treatment for having-no TMAI flow and TMAI flow 
5 seconds, and the film beyond TMAI flow 5 second has Ga polarity (cation side). 
[0041]The polarity of N and Ga of drawin g 3 (a) and drawing 3 (c) was checked by reported data 
and a comparative examination with a simulation result. However, the polarity of the sample for 
TMAI flow 2 seconds ( drawing 3 (b)) has not fully changed to Ga polarity. N polarity is most and 
this sample is considered to be the mixed GaN thin film with the Ga polarity of several percent. 
[0042]GaN thin films are 2 or less seconds of a TMAI flow, and 5 seconds or more, and the result 
of the above drawin g 3 shows that the polarity is divided into anion and cation. The model (graphic 
display of Ga side of the GaN structure constituted by two-layer insertion of the aluminum 
monolayer 2) of drawin g 4 explains this cause mechanism. 

[0043]The silicon on sapphire 1 (sapphire) to which nitriding treatment (Nitridation) of d rawin g 4 
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was carried out among the GaN thin films of drawin g 1 , Only the aluminum monolayer 2 (Two 
monolayers of aluminum) formed on this silicon on sapphire 1 and GaN buffer layer 3 (Initial stage 
of GaNbuffer layer) formed on it are illustrated. Here, the GaN epitaxial layer 4 formed on GaN 
buffer layer 3 is omitted in drawin g 4. 

[0044]In early stages of growth of GaN buffer layer 3, having combined N atom with aluminum is 
known irrespective of the nitriding treatment existence of the silicon-on-sapphire 1 surface. When 
nitriding treatment of the silicon on sapphire 1 is carried out, three individuals carry out Al-atoms 
combination, and N atom has one joint hand perpendicularly to the silicon-on-sapphire 1 surface 
reflecting N side. 

[0045] However, if aluminum monolayer of several layers is inserted between a nitriding treatment 
board and GaN buffer layer 3, it will be thought that the surface of the GaN epitaxial layer 4 
changes from N polarity to Ga polarity. 

[0046]ln one-layer insertion of aluminum monolayer, as shown in drawin g 2 (b) and drawin g 3 (b), 
the GaN epitaxial layer 4 does not change from N polarity to Ga polarity. In insertion of aluminum 
monolayer of one layer, the 1stN atom of the buffer layer 3 combined with three Al atoms has 
turned to only one joint hand upward. 

[0047] However, when the two-layer aluminum monolayer 2 is inserted, the GaN epitaxial layer 4 
can change to Ga side, as shown in drawin g 2 (c) and drawin g 3 (c). Because, when the two-layer 
aluminum monolayer 2 is inserted, the 1 stN atom of the buffer layer 3 is combined with the Al 
atoms of aluminum monolayer of the 2nd layer, and three joint hands turn to above. 
[0048]The polarity change of a GaN thin film in case a TMAI flow is 10 seconds or more must be 
considered. There is a relation of HCP (0001)//(1 1 1) FCC to the hetero epitaxial direction 
between the maximum dense roppo crystal structure (HCP) and a face-centered-cubic crystal 
structure (FCC). And a pile order of meeting <1 1 1> of FCC is an atomic arrangement order (ABC 
(ABC (ABC))). 

[0049] If two-layer insertion of the aluminum monolayer is carried out, the best Al atoms will have 
one upward joint hand, and the polarity of a GaN thin film will change. As the above-mentioned 
example, although the GaN single crystal membrane on the silicon on sapphire 1 was described, 
also in the case of polycrystal, the same effect starts. 

[0050]ZnO and GaN are raised as an example of polycrystal. About ZnO, the following points are 
mentioned as an effect in the case of performing polar control (a cation plane direction is used and 
the surface is set to Zn). That is, although c axis has generally turned to the polycrystal membrane 
produced on amorphous boards, such as glass, by the spatter etc. upwards, it seems that the 
polarity has gathered in respect of anion. Then, the following effects are expectable by using the 
technique of this invention. 

[0051] 1. Since anion sides are stability and inertness very much physicochemically compared with 
a reverse cation side, they can improve substantially the corrosion resistance as a transparent 
electrode or a phosphor material. For example, the proof stress over a plasma process increases. 
Adsorption property, i.e., the stability of the surface within a vacuum, is substantially improvable. 
[0052]2. If polarity is controlled, the direction of a piezo electric field is controllable. If the polarity 
of a crystal is reversed, in order to also reverse the direction of a piezo electric field, in a surface 
acoustic element, in addition to above-mentioned 1., the phase control of a surface acoustic wave 
becomes possible, and signal processing using a surface acoustic wave of it becomes possible. 
[0053]3. As an electron source, it is the same as that of above-mentioned 1. 

[0054]4. The quality of a crystal is substantially improved as being common to all, since the cation 
surface is in the tendency in which surface migration of the adatom in the surface takes place 
easily reflecting the chemical stability, and a thin film surface tends to carry out flattening. 
[0055]If pn controlling becomes possible also for polycrystal in GaN, light emitting device 
production of a planar display or low cost is expectable. There is application as the field emission 
electron source and fluorescent substance which expect NEA (negative electron affinity), and 
when polar control can be performed, the same effect as the above-mentioned ZnO can be 
expected. It has influence on a luminescent characteristic according to the quantum Stark effect 
by a piezo electric field, and even if it is not a laser device, it lets the directional control of a piezo 
electric field pass, and various effects can be applied and controlled by the light emitting device 
(especially semiconductor laser element) of a nitride system by this art. 
[0056] 

[Effect of the Invention]As mentioned above, by forming aluminum monolayer film in the inside of 
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3-5 fellows who grew epitaxially on the insulating substrate, or 2-6 fellows semiconductor 
membrane by this invention, as explained in full detail by the upper and lower sides, the polarity of 
a semiconductor surface — from [ negative / conventional / (anion) ] — right (cation) — it can 
convert and the electric and optical characteristic can be raised by forming said epitaxial growth 
thin film surface as a straight polarity film. 



[Translation done.] 
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GaN buffer 
layer 
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iz&tsuj^-nA i im*mtmme>-® 

[f**«3] B«^i*;?Slg|* { , B. A 1 , Ga, In 

%t'<r>3&7cm<om-im omsum) itazn, c 

d, Mg^ri:'c02]^7r:^i:O, S, S e Sri'^effcrc* 

(anion) A»4»IE (cation) tC^ffcU 

i n$m 6 ] Huies«ofiiex tr * * v * sr , 

«*BiftC 1 1 0 0°CT\ H 2 mmmzZ h Ltdk. TV 
*-Ttfx£3mizyu-Zit&Zblz£*). miimm 

«)£7cit L-C*tri ZW&b-fhimm 1 Xti 2fB 

tfi*JS8 ] mvmwmkifi. G a N ifcliZ n OX' 
hhZb *WBLb-thm&A 1 Xii 2 IE»o¥&tt«ffil 

i xit2iem(nzmttmm<D&tf&i&. 
imsm i o ] m&*m#mmK GaNs«izno 

zui-zit^mxh&z t zft®b-tz>imm 1 xa 2 



1 £tziz2*:Sh-!^-(?>&m7tmz&tszk£tmk 
■t&tmm 1 xu 2 §mco¥m#mmv&fSVjm. 
im$m 1 2 ] mem mw.11 e>ra*u&>-3S£t8tf>tf 

[i«*Ji 1 3 ] Msg 1 2im(?)¥mimmmmii: 

[000 1] 

»k*»i*w- xx/znumizx mmvtz*m 
zm^ti^mfofu xizm-th tore** . 

[0002] 

[flyw>a*] mbery^ <GaN> a, n&mw 
ftxrw A*m&*mteis—r-<?>^-A$mb l 

T. &<W9t2h.X^&. 

[000 3] L*»U GaN««*fc:«-friS>fi.*J:di5r 

UdHRHft 1 1 X -9" 7 r >f T#ffl v > fcfrc ^ |> . 
[00 04] Mli;W7r^7lS£CGaNW< 
•y7rl«L. -e^±^GaN^SA^fig$ixT^ 
I. ZLXZVGaNMeDWSm. 3teWRftt«. ^7 

■f Tm&comBzmitwm-t & z biz**), nm^m 

[000 5] Xf^dri^-v;^SUJtGaNC0^ 
ftffl«, a«Ga7aR**»«Btfil[a^-6Gaffitt (c 
a t i o n ) fficOif^-, ^^(CXA-X^rffi&^L, 
NjaiS3&»««ffifcffi*-r* Nffift (anion) ffiS9*S 

[0 00 6] jiS-f^r^TS^itcMOVPE^i: 
-C'GaN^^xb' , ^4r^A';P^$ii:/ili^. t7r-f 

AX'hhtf, G a NJR^iSAttiiSrtM-ifcAK-t^ r 
-<TS^M-fk^^«^, S«GaN<7«IliNitt 
cntzth, N^Jg^il, 7^I«7T-fe7h^ani 
o n^®i:^r§ 0 

[000 7] GaN-^K-ftSra (ZnO) , Wi 

it* H 5 «7 A ( C d S ) Srfc'cOJ: 3 tcStt^^-T-S^W 
SrXVN 0 / 9 'J >^K^#^fc'T'^SS B B B ttS«±ttt 

a-r t , z&ghxh ott -ew^aosttw ( z <nm 

4**. ^<c0^tCa n i o n*>*«ffi{C< h -&14<Z>fi 
^h^rO, i^tt^SISStt^cat i o ntfiimiZ 
< h +mtt<om^lzO:^X Z btbXT^ttXfoh. 
[0008] 
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commmxm^t^m-t & tzMzmit Ltcv-y t-it 
mm±i l z{mLfcGaNm<7)mmit. a n i o nmmx- 

[00 09] Zcnfcub. C^ffi(c$<bH, ffccoxtf:? 

[0010] itz, xh-?*^A>;t^»#Jlfr\ Jifttt 
b LX^h Z n Oc?5^(C{i. -ec7)^tt«^®<^B 

[0011] ifc, M B B B«GaN^Z n O 
•C* -p X k . Sf0J!«ffi^g3fcfr & if b L T tfcfcrfi & m 
(C, -eo^Hj^-fl&ttT'a n i onli^t, ±IE<0 

[00 12] *^BJ{i. Htrai^GaN-^Zn0^f(7)3 
- 5 J£ £ >t« 2 - 6 fc¥«flsjtffl<0«tt a n i 
on»i5. J: OXA-Xt^ffitt^rc at i o ng 

nmz± s tarn * * t & * <w&Bm±. i a & -n 

[00 13] 

[iss**?**-*-* *:#>?>#&] mmuzmustitc* 

[0014] M^2(ciEa$nfc^«^Mi^»is*- 
jaw* o . k i>m*miimmco-^i,zA i 

mmzttLxm&foLtzzm&nmmz^ztittif 
[0015] «#JB3Kfe«$ii£¥^ttfiBi^j&:fr 

WC, WE i M*ttifIRa t . B, A 1 . Ga, In4^ 
3j£7cS5<OS-ftft (3«l»fcflj) ifcliZn. Cd, M 
g&t'£7)28OTfilfcO, S, Se&^6&7t«i<7Mk 

[0016] fft#iB4 KiB«Silfc#»fl3l!8tf)JE?fiS:fr 

&f± . mem i x« 2 iea<o¥*fl^<ojBis#8:fc:fc 



-xami a i cote* y w -v- £ Ascc-a- x/ctj o , 
Mie^JRTc^^y^-^-^-xjifrieA i om&jv 
4*-<?>±.tx°. *<7)*m#mmmm<7>mi&fi (an 

ion) frt>sE (cation) (C^-ftU ^lESte 

am ex t° ? * ^ * tv^mwmm & xtm ztixm 
zt&imtvx^h. 

[ooi7] imm5izmm^titz^mimm^m^jj 

ma , Iff 1 X(i 2 iEtt<o*#«*l«lO»J&*at=*i 

[0018] if*H6 tcsEnsitfc^ttaK^js* 

lulS*«WBuiexb^^^^;«*ffi5r. E&*b51=1 1 
0 0°CT\ H 2 #H^,fc$^Lfcf^ Ty*-T/fA* 

mmz7u-z-£z,ztiz£<9. mzmmmmzNit 

[0019] B!3cJI7 icra$fL^¥«Will^jK& 

ffiti . i xa 2 imco^mimmco&fgujmizti 

[0020] tt^jas izmftztitz^mimfecoMisvi 
m± . i xji 2 taa^^^ji^^&tcfc 

V^T. luiB^f^M**. GaNifcliZnOtfti; 

[002 1 ] if*Jl9 £.§mZtit:¥mimi!&7)Bf&% 
mt . 1 XJi 2 lEKco^^fSHo^^ffiCcfc 

[0022] i**J» 1 0 l=IBK$iXit^!*jWK^JS 
^rfeti . m&A l XJi 2 i£tt^««^M»o»ifc*r«t: 

h-it&ViX'fo&Zb £<imb LX . 
[0023] ffi$ia 1 1 ft^^frfSMOJB^ 
. If mk 1 Xti 2 SEtt^WftWI»0»jfcfrffifc: 

n\^x.m^m^mwfi. 2tyw-¥-mii^ 
[0024] m$m i 2 cieai^ftfe^NiftaMBftss 

XWMZtlteZbZ&WibLX^Z. 
[0025] mtm 1 3 CIEtt§it^^i*rV\M X 

it. mtmi i%ffl<r>*mtmmttzmR&m^&zb 

ff. EL (lk?hn;|,$^yxif) , VFD (^ 

. fed (m^mtamm^mm) % gemot 
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[0026] 

imxmmnmm *9tmt. mm&m. amitco 
m^wm^ts ) ±cx b-:? * ^ + >n«* l/c 3 - 

5M«i2-6S^MI(B, Al, Ga, In 

*if<o swomnmm < 3 ^smba) x«z n . c 

d, Mg$rk"O2jS£7Cf?lk0, S. Se&kV)6fiOT5i? 

bMt-S'm (2-emfc&m) ) ortgpc a i srk'o 

J; 0 . **>±Tt\ ^mW^iBOSttifiSSlW)* ( a n 
ion) *>£>IE (cation) -?-<7)IEfl&tt£ 

friex b? * s^;n&fiji »*i&igm&<?&&tiimm 
%t't,zBm-&ztzftmt-r&. zzx-it. m-fttt^ 

t7r>f7(000 1)It, LP-MOVPEi££J: 
k LT^-r. 

[0027] 01 u\ xxm&mimmmii&Tmz. 

KT&KSilJtA 1 t/Nt- ( 2J1) 2k, -e<7X£iC 

$ *ifc*IK±«cx b ? * ^ -v ; U£« L*: ¥*«*8(Bt-c* 
SGaNXtr^^f>--v;l'Ji4*^1S«$n&. 

[0028] ^-yr^rmmiii. t-t. 1 1 oo*c. 

7yt-7*'X^1 500sccm, 9 08>7n- 

x. j ir7T4Tmm.\mm<r>m.it*'fro . zzx\ Ga 

NA' 7 7rl3 ^m&(0mz . MJ ^ f - /P7VU 5 - -7 A 
(TMA1 ) 2r550°C-C. 2#K30&, 5^mo 
l/min. TMA 1 c7)7D-{C^-r¥C<i 0 . A 1 CO 

[00 29] -£<0<fck, 2 0 0Torri7)*'Xft^T, 
5 50X)T'20nmf£OGaNA 7 7Tl3, 10 80 
°CX'2. 5^mJSWGaNxb 0 ^^^-v/l^S4 5r^t" 
S. MJ^f-Z^U^A (TMGa) . TMA 1 . NH 

3 a*. -eft-eixGa, a i . Ncnv-A {^m&mts 

[00 30] M?^GaNS»)SK7*Dy- 
(.mmmm) liNormarski ^^m^m^x 

(HRXRD. Philips X' pert MR 
D)£ffl<,vC. GaNxb?dfj^/Hg|4<7>*Hifc < 00 

2 ) mti&m (102) mfrt>cr>im*(»x*^ 



[003 1 ] 02(^GaNxb^4f>-A';H14£7)^ B B B tt 

tt. xanauftctjtt* (002) k (io2) wcom-m 

ffifiZtl?tm3 00k540arcsec 5r^fC k 

n der P a u wftlSCj: &tf-A#I&;gk*-v 
'JTOtttt* *tl?i\2 3 0 c m? /V • s k 3 . 3x 

1 0i 7 cm- 3 T'S) 1 ?, «»»ttfcA^tt**L-0* 

[0032]^, TfflR±K««LfcGaNgf 

-mmzffixzt'x-m&ztihmbim (Kwm<vt 

mmii . IS > k St«*^ # <=3r0 , k # 

<w. ) Lr^s. 

[0033] L#>U -e<7)GaNi0^ffiq£7*ny-(i 

02 (a) fcjjrTJ: o fc, mmmcr>#fffl$:3£z_Xi>. 

fc^oH. HBfflLfcGaN ( 000 1 ) N 

ffitt (^^T-<i, mm (N) ffittifc«flffitt*i:i*L 

(^^T'(i. Tjf'J "7 A ( G a ) )tJ4jE«t«r*« 
LTV^i,) COGaNSrfig^^-tir^ik^'fflliT-J)^)^ 

[ 0 0 3 4 ] %ZX\ mffiWW? 7 -y h&G ailt^G 
aNH (GaNff^cOTifik LT. 2S<0A 1 1 7U 
4 J r-2t5£VGaNs<»,7Tm3tf$>h) 

A 1 Otyu-f-^-25:, m^mLfzmRcr>±.lZ 
WAZit&ZttZj:*). Ifijan i onlH. ca 
t i o n®(C|K}g$-y:7t. 

[003 5] &~?mitV 7T4 Tmmi(r)±.lZG3LN/* 
••^rmSZBf&t&ffilZMA 1 (hU^f-^r;W5x 
>7A) ?:7o-$-ti:?.B#raSr2, 5. 10, 

3 0 s e c kSHtS-frTJftltS-erfc. iOSSHfc:^ 

JH^JfXb^^i— SCiO, 5>umo l/min 
07D-12. 5#T\ Al(0tyi/-ft-* 5 HM 

^ttSCik^flligL-CV^. 

[00 36] 12C(i. USto^TMA l<07O-B$ia 
(02 (a) :0#. i2 (b) :2t, 12(c) : 
5&\ 02(d) : 30^) Ci^Normarsk i 
*#mW*SX&7fii-. TMA 1 7Q-*<2««0«^ 
it, *^'7n-|KL.^02 (a) tmm% 6 ftmw 7 
5-y h'»«^^^^-r (02 (b) ) . L*>U TM 
A17D-W5^iil.i:. GaNOilt?* 
oi^-{i^^ <^fcU 02 ( c ) ^02 ( d ) cr>X 3 
fc;u»-.*3r*SHk=5r&. ^ix<b^*(iGaN{SlKcr) 
©t4A>*TMA 1 7a-l,zX'3X^h'>tzZt^^kLX^ 
S. 

[00 37] ££tf^LJtGaN^ISi<?*ttl±CA I C 
ISS (|5]ttlSlS«^^>-H5ax^^hD^3b-) 
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ftismm. < (») wmxm&. tal i s-9 i o 

0) tCi-5T^S$^. ffittco^ii. WihfrhcOi/ 

[00 38] I3Cl^o/;TMA 1 7o-B#^tcJ:i, 
CO [ 1 1 2 0 ] WJH5X'<r>2 k e V<DH e + -T :*>-<?}A 

swiKW-r* g a<o»§ausffc#tt£»« l*. Aits 

t=jtr*Gafi^»«flc#tt(i. shadowing 

[0039] mzwmztoz. h t . «*sis^^ieTtc 

fcSE*. SfcCAICI S SCOX^^ WWBtttfS&ftf 
[ 0 0 4 0 ] 03 ( a ) fcil/03 ( c ) X'ht^h i 3 

g a 6^*>« stfe#tt{iM-f LJaa Lti^-y r^rm 

glMMA 1 70-#SLfcJ;l>'TMA 1 7D-5#M 

ht>. B4UCTLfc?7r4rrai'vrMAi 70- 
iiLfcit/TMA i 7u-5®$m<r)mktiv^j±mm 

{iN@tt (an i on®) TM A 1 7D-5# 

J3Lh<0WiGaatt (cationl) 
[004 1] ££03 (a) . 03 (c ) ONfcGatfO 

-2f*0iSB (03 (b) ) «0Stttt+*(c{i, Gal 

T. »^«0GaflHtk«!0a-&L!tGaN»K4:#i^ 

[0042] £U:0Bl30i£A*»6. GaNflfi, T 
MA 1 7D-c7)2^WTt 5S?tLhT\ ^0@tt#an 
i o n t c a t i o nl-Zftfrtt&Z btfhfr&. ZCOM. 

H«H*£H4*>*f r /i' ( 28c7)A l ty \s4*?-i<rm 
AtCtoTWritSitSGaNflBKOGaB^EBBSi*) 

[0043]l4li.Il«Ga N51K<0rt, 
(Nitridation) ^ft*:^ 7 r-f T£« 1 
(sapphire)!:, %%*T7tA TWSL\ IdC-fffi. 
$toAlt/L/^-2 (Two mono 1 aye 
rs of Al ) t, -ecDi^JS^futGaNAy 
7rl3 (Initial stage of GaN 
buffer 1 ay e r ) c7V*£r0^ LT^£ „ ZZ 
X\ GaNA 7 7ri3 CO±t^ffi$ tltz G a NXt^ 
*i"v;Wi4li. 04 4>T'(j:*B&L-C£>£. 
[0044] GaN^.y7TJi30)j££tDj»T'Ji, If 7 



-< rais i * j gfi^aa$ix^ t s , Njs^ti 3 m<oA 1 
[0045] u#>u suioa i ^su^^-wmim 

Jf^c^aNv\>7r)13<7)B(;:*¥A£ft&£:> Ga 
Nxe^df ^-r;i/ii4 commit. N^tt^GafifrftC: 

[0046] A 1 1 JgftAO^Kte. 

02 (b) ^03 (b) IZfjk-fXolZ. GaNXt^Jf 
■/A-/H4I1 Nttt^foGagftNi^b^^V^. 1 
J§cr>A 1 W -\»-»i?A<7)*§-S\ 3fl«A 1 JgH^fc 

77713^1 Njimi, i *<oe^*o 

[0047] L*>U 2«C7JA 1 t/H -^-2£i?A 
Lfc*£\ GaNXtr^df^yl/Jf 4ii. 02 ( c ) 
£#03 (c) tC^-Tiofc. Gaffi«*S;i*«T' 
**. ^-tf^, 2Jftf>A 1 J r-22r#AL?t 
%£\ A'7 7Ti3<0glNSflig21»A 1 t71/ 
>f +-»A 1 JSjH^ii^Ls 3 **>tt£*J&«.JJ5Frtl £ [S] 

[0048] TM A 1 7 0-A s 1 0f>JjIJiCO%£tfDG a 
N »»^BHBWb £ # * WUf £ & & ^ . «8K*#*S 
Atitit ( H C P ) t Bi^iE**Sfifl|Ji (FCC) t C7)^ 
(^vfoxt^Jfi/tyi'tewis (000 DHCP/ 
/(111) FCC<0WftS. ^LTFCC<7)<1 

(ABC) (ABC) (ABC) tfc4. 

[0049] AKyi/^^-A''2f}fA?Wt. ft 
±C0 A I S^(i:±fij# i of^e^S: fc *> , GaNf 
KOflStt«SHk-r4. Buii^Ji: LT(i. t7r>fri 
« 1 ±-t'<DG a N^MSftMKov^TJfi^:**. 

mtz&nkcomitiz t jo ; ^> . 

[0050] ^feS^JhLTJx. ZnOfcGaN«i$> 
ff^il^. Z nOfcOVvttiffittftJffl) (cation® 
*^(CLT. *®a-Zn(c-r^,) $rlT3^W$!j*t L 

^ -^x-a^xts: t'mmgn&mmi.izim Ltzzms, 

MJxcfft^±lC(6]V^Tl->l.*^ f«lia n i o nffi 
[0051] 1. anion ®{£ . i£ CO cation® 

tcit^T. %S6^> ■ ivmizmubx&fz ■ ~*-<&'&X'hh 
tz#>. wmm^mtm^mt Lx<m-&&z*mz®. 
mx-zh. maif, y°7X~?yn*xi,z}t?&mjitfm 

[005 2] 2. ®tt$r*Jffl)-r^i:> fX/tS^lS] 
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[0053] 3 . LTii. ±Kc7) 1 . H«"C 

$>■§>. 

[00541 4. catio n*B(i. -f-CO-ft^W^ 
[00 55] G a Ntf)i§£\ ^l&STk P n ©JfflJA^It 

jWBW-c**. nea (jytNSft^) zmwlx 

wtfx- %&mz£<9. «ra*<o z n o t m tmmmwx 
z^z, mamema&FF (.mz^mwu-^r 
m=F) x-ti. tx.yn.mzj: 1,1?^^ s^nmzx 

0 %3tftmz$mtf& K> , ^ — (f^T'^r <Tt> exy* 

mm • *wc#s. 

[00 56] 

«Rtt3S«Jbfcx £ * 4f- ^ /Hfcft Lfc 3 - 5 & 4 fcii 
2-6^»*^rtgPtc. Al^yW^-$i£JEM 



(anion) *><^IE (cat ion) fcllstftL* 

[®i] *mpmmrm£.x 9»st3*ifcGaNj*« 
nmmz^mxhh . 

[02] MSTMA 1 7n-^GaNIICoU 

t\ g a-NM^mw^? xvis-com^^ak-fmxfo 

[03] S^rSTMA 1 7n-«|»GaN»:oo 
t> GaNifJglO [1 12 0] B*ft-C*)2 ke VC0H 
e + A * >COXMntZftt& G a COft^3ftKtfc#tt£30l 
£Lfc*6* (CAIC ISSMSS) fcjjrflaT* 
S. 

[04] 2®c7)A 1 t7W ^-mAlZk-oXffif&Ztl 

4GaN«Ji<0GafflO«5»aaT*4. 
[fl^OtftHJi] 

2- --A 1 w -V- ( 2M) 

3- GaNA 7 7Tl, 



[01 ] 



[02] 



Al monolayers 



(a) 0 sec 


(b) 2 sec 


X 500 50 ,,„, 


X 500 50 u 111 
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[03] [04] 




0 20 40 60 80 100 
Incident Angle (deg.) 



F^-A(##) 4G077 AA03 AA07 AB02 BB07 BE15 
DB08 ED05 ED06 EF01 EF03 
4M104 AA04 AA06 CC01 DD22 
5F041 AA40 CA40 CA41 CA46 
5F045 AA04 AA15 AB14 AB22 AB40 
AC08 AC12 AD09 AD14 AE25 
AF09 AF13 BB16 DA53 DA61 
EB15 HA01 



